It has been suggested that the side effects of antiepileptic drugs may in part be due to a dietary or pharmacological deficiency of zinc, or even to a redistribution of zinc within tissues as antiepileptic drugs such as phenytoin' and valproate bind zinc in vitro.2 The reported association between maternal valproate and phenytoin treatment and intrauterine spina bifida in both animals3 and in man' could also be due to zinc deficiency, for zinc deprivation is teratogenic in animals, and in women is associated with intrauterine growth retardation. 7 Furthermore, large doses of valproate late in pregnancy reduce fetal weight and hepatic zinc concentrations8; in rats zinc deficiency greatly increases the teratogenicity of an analogue of thalidomide. 9 Serum zinc concentrations during long term antiepileptic drug treatment may also be low,""'2 although this is disputed,'"'6 but, in any event, the 
Patients and methods
Twenty six patients with chronic epilepsy (mean (SD) age 30(8) years, 15 of whom were men) were recruited from the neurological outpatient department. They did not have progressive neurological disease nor other organic illnesses. Nineteen were taking sodium valproate in addition to other antiepileptic drugs (mean (SD) 30(8) years, 12 men) and seven were taking carbamazepine alone (mean (SD) age 30(7), three men). None was taking any other drugs. In the group taking valproate, phenytoin (n = 8), carbamazepine (n = 7), phenobarbitone (n = 3), primidone (n = 2), and clonazepam (n = 1) were also being taken.
Fourteen healthy volunteers (aged 29(7), 11 men) were recruited from the staff of St Thomas's Hospital. They were well and not taking therapeutic drugs.
Between 9 am-10 am 30 ml of a non-fasting venous blood sample was taken and the polymorphonuclear leucocytes separated as described previously. ' 
Results
The mean (SD) zinc contents of polymorphonuclear Yuen, Whiteoak, Thompson (n = 7).
Discussion
Zinc deficiency was recently suggested to be present in two patients with epilepsy, skin rashes, and low serum zinc concentrations receiving long term antiepileptic drugs2`; these rashes resolved with oral zinc treatment.
Another patient taking primidone and phenytoin had recurrent trichomoniasis and also had a low serum zinc concentration; the trichomoniasis resolved with oral zinc treatment.22 It is difficult to explain these reports, although patients may have had poor zinc intakes.
This study, however, did not indicate any difference in tissue zinc status, as measured by polymorphonuclear leucocyte zinc concentrations between patients taking antiepileptic drugs and healthy controls, even though the study had an 80% chance of detecting a true difference of 14%. It is therefore unlikely that total body zinc is greatly affected by antiepileptic drugs.
Plasma zinc concentrations are variously reported to be normal or reduced in patients receiving antiepileptic drugs,0''6 23 although interestingly, plasma copper concentrations, which rise in zinc deficiency,24 are almost invariably raised," 1423 and in one report erythrocyte zinc concentrations fell.25 In rats treatment with valproic acid reduces plasma zinc concentrations,'6 but at best plasma zinc concentrations inconstantly reflect body zinc status. '8 It is possible that antiepileptic drugs affect the intracellular distribution of zinc. Thus phenytoin may increase the intestinal absorption of zinc by chelation'; valproate and phenytoin bind zinc in vitro.' 16 Perhaps antiepileptic drugs therefore chelate zinc within cells'4 25 and reduce its availability to metalloenzymes. Treatment with oral histidines has been reported to cause neurological symptoms that were rapidly reversed by zinc supplementation,26 and to increase urinary zinc loss, although this was too small to cause a clinically important reduction of body stores. The amino acid may therefore have entered the brain and redistributed the metal within cortical cells. Similarly, concentrations of zinc in leucocytes are raised in untreated cystinuria, suggesting that cystine may also chelate zinc within cells." It is therefore even possible that antiepileptic drugs prevent the fall of zinc in leucocytes in cases of zinc depletion.
In conclusion, our results suggest that tissue zinc depletion is not caused by antiepileptic drugs, although it remains possible that they affect the intracellular distribution of zinc.
We are grateful to Linda Carlsson for spectrophotometry, Dr Christine Knott for measuring antiepileptic drug concentrations, Professor SE Smith for helpful discussion, to the Special Trustees of St Thomas's Hospital for their continuing support, and to the neurologists for allowing us to study their patients.
